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Executive Summary  
 
Since 2013, the abundance and taxa of intertidal macroalgae have been assessed at fixed 
locations throughout the Great Bay Estuary in New Hampshire. Algal abundance may be 
influenced by environmental conditions such as nutrient levels, water temperature, light and 
invasive species. Therefore, abundance of different algal groups can provide insights into the 
overall health of the estuary and signal ecological change. In 2018, intertidal abundance data 
for percentage cover and biomass were collected, as planned, from five of the eight sites. For 
the first time, subtidal sampling arrays were also incorporated at all four sites in Great Bay 
proper to monitor macroalgae at lower elevations and to collect data on eelgrass communities 
coexisting with the algae.   
 
Data from 2013-2018 show significant cover and biomass of nuisance algae (reds and greens), 
including several introduced species. For the first time since collections began in 2013, we 
have been able to document declines in some of the nuisance algae from the high levels 
observed in 2013. Cover of green algae has decreased significantly over time at the two Great 
Bay sites sampled annually (Depot Road and Adams Point), and cover of red algae has 
decreased at one site (Depot Road). However, there were no significant decreases at the other 
six sites, and results from 2018 still show high levels of nuisance algae, especially at the 
lowest intertidal elevations.  
 
In subtidal areas, percent cover assessments were difficult but appeared successful based on 
strong correlations between cover and biomass. The abundance of macroalgae in association 
with eelgrass beds was significant and likely impacted eelgrass density and productivity as 
cover and biomass of eelgrass and algae were inversely correlated.   Further monitoring of 
algae and eelgrass is required to determine potential impacts to the estuary from emerging 
threats of: increased nutrients from impervious surfaces as the human population in the Great 
Bay watershed grows and water temperatures rise due to global warming, and subsiding 
threats as substantial improvements to wastewater treatment plants and better stormwater 






Macroalgae and eelgrass (Zostera marina) are important primary producers in estuaries; as 
such, they will be referred to as plants, though most biologists refer to algae as protists due to 
their different evolutionary history.  These photosynthetic organisms sequester carbon, 
capture nutrients, and provide habitat for fish and invertebrates. Tracking the abundance of 
macroalgae and eelgrass is important for our understanding of how changes in environmental 
conditions affect the structure, function, and biodiversity of the estuary.  Eelgrass forms a 
critical habitat in the Great Bay Estuary in New Hampshire, but the size of eelgrass beds has 
declined significantly (Beem and Short 2009, Short 2014). The loss of eelgrass may be 
related to nitrogen loading in the Great Bay, which can cause blooms of macroalgae and 
phytoplankton that compete with eelgrass for light (Short et al. 1995). Decomposing mats of 
macroalgae can also increase soil hypoxia and sulfide concentrations, leading to reduced 
growth of eelgrass (reviewed by Han and Liu, 2014).  
 
Fluctuations in water quality can allow invasive species to outcompete others in the estuary 
that are less-suited to the new conditions. Red and green algae especially require close 
monitoring because of their potential impacts to the ecosystem. Red algae include one native 
species that has recently expanded its range into the Great Bay, Agardhiella subulata and two 
non-native, invasive species: Dasysiphonia japonica and Agarophyton vermiculophyllum (a 
taxon previously referred to as Gracilaria vermiculophylla). First documented in the Great 
Bay in 2003 by Nettleton et al. (2013), A. vermiculophyllum could impact local industries by 
fouling fishing nets and clogging intakes (Freshwater et al. 2006). The success of A. 
vermiculophyllum as an invader may be tied to its wide tolerance to environmental stresses 
such as light limitation, burial, and grazing (Thomsen and McGlathery 2007). Green algae 
should also be closely monitored because severe blooms of Ulva, the dominant green algae, 
have been shown to impair productivity in salt marshes (Watson et al. 2015) and seagrass 
beds (Schmidt et al. 2012). Additionally, one species of green algae found in the Great Bay, 
Ulva australis, is invasive and could impact native species.   
 
Macroalgae has been quantitatively sampled in the Estuary using reproducible methods by 
various researchers, but never over long time periods. The best historical quantitative data 
were collected from intertidal sampling grids as part of graduate student projects conducted 




and 2008-2010 (Nettleton et al. 2011).  Most recently, Cianciola and Burdick (2014) 
reoccupied several historically assessed sites and used previous results to develop a 
standardized protocol for macroalgal monitoring that was used from 2013 to the present 
(Burdick et al. 2016).   
 
Project Goals and Objectives 
 
Our goal is to monitor the abundance of macroalgae in the Great Bay Estuary as conditions 
change over time due to factors such as global warming, nutrient loading, and occurrence 
of invasive species. The reason for monitoring benthic vegetation is manifold.  First, 
changes in vegetation could have bottom-up effects on the ecosystem because of its role as 
a source of food and habitat for fish and invertebrates.  Second, blooms of macroalgae can 
shade and smother eelgrass, depressing eelgrass biomass within meadows and the overall 
extent of meadows. Finally, macroalgae can serve as an indicator of water quality and 
ecological health in the estuary.  
 
Methods   
 
To measure changes in macroalgal abundance over time, eight intertidal monitoring sites 
were established in 2013 and 2014 from the mouth of the Piscataqua River to the southern 
end of Great Bay (Figure 1). Sites were intended to capture variability in nutrients, salinity, 
and shoreline exposure to wind and waves throughout the estuary. Three transects were 
created at each site (random distance apart but no closer than 10 m) along a 100 m length 
of shoreline (Figure 2). Sampling stations were established at MLLW (Mean Lower Low 
Water) and every 0.5 m above until the shoreline (upper boundary of halophytes) was 
reached. Where MLLW could not be reached (Lubberland Creek, Depot Road and Sunset 
Hill Farm), stations were established relative to MHW (Mean High Water). Sampling for 
percent cover and biomass was scheduled to occur annually at two sites and biennially for 
six sites. Biennial intertidal sites monitored in 2018 included Cedar Point, Wagon Hill 
Farm, and Lubberland Creek (Table 1). The two annual sites monitored were Adams Point 
and Depot Road.  In 2018, a new sampling effort extended each of the four intertidal sites 
in Great Bay proper to the subtidal, where eelgrass was found.  A single sample (composed 























Figure 2. Intertidal sampling stations for macroalgae at each site in the Great Bay Estuary. Locations 





Site Name Town Location 
(Lat/Long) 
Elevations  








0.0, 0.5, 1.0, 1.5, 2.0, 2.5 2014, 2016 
Hilton Park Dover 
43.12292N 
70.82786W 
0.0, 0.5, 1.0, 1.5, 2.0 2014, 2016 
Cedar Point Durham 
43.12934N 
70.85283W 






0.0, 0.5, 1.0, 1.5 2013, 2015, 2018 
Adams Point Durham 
43.09019N 
7086735W 
Subtidal, 0.0, 0.5, 1.0, 
1.5 







Subtidal, 0.5, 1.0, 1.5 2013, 2015, 2018 
Depot Road Greenland 
43.05611N 
70.89682W 






Subtidal, 0.5, 1.0, 1.5 2014, 2016, 2018* 
 
 
Cover data for macroalgae and vascular plants were collected in July, August, and October 
2018. Transects and plot locations were relocated using a handheld Garmin Geographic 
Positioning System (GPS) and PVC stakes that marked the seaward plot edges. Visual 
estimates of percent cover were made by species or genus in a 0.25 m2 quadrat centered 
landward of each sampling point on each transect. A photograph was taken and archived 
for each plot sampled. To develop correlations between percent cover and biomass, 
vegetation samples were collected in separate plots during the August sampling event. For 
these samples, percent cover was estimated in a 0.0625 m2 quadrat placed two meters to 
the right of each cover sampling point while facing the shore. A photograph was taken 
before all plant material in the quadrat was collected and placed in labeled plastic bags. 
Rooted plants and algae that were attached to rocks were clipped to the surface without 
removing algal holdfasts.   
 
Subtidal sampling stations were first incorporated into the monitoring scheme in 2018. 
Subtidal sampling arrays were established at four sites: Adams Point, Lubberland Creek, 
Table 1. Site locations, sampling elevations, and sampling schedule for long-term macroalgae monitoring 





Depot Road, and Sunset Hill Farm. Subtidal arrays were located on extensions of intertidal 
transects at an average elevation of -1.5 meters NADV 88. Each array consisted of nine 
sampling stations – one central station surrounded by the others in eight directions (Figure 
3). Stations at cardinal directions were six meters from the center, whereas stations at 
primary intercardinal directions were four meters from the center. In 2018, all subtidal sites 
were sampled for percent cover and biomass in August and October. At each site, the 
center of the array was located using a GPS. The locations of surrounding stations were 
found using a compass to determine the bearing and pre-measured PVC tubes to find the 
distance of the station from the center of the array. At each station, percent cover in a 
0.25m2 quadrat was recorded to the genus or species level through visual estimation using 
a mask and snorkel. All aboveground plant and algal material within the quadrat was 
removed for each sampling event and placed in individual, labeled bags for processing at 
the lab. The measurement of canopy height, which was called for in the original sampling 
protocol, was not possible in the field due to currents that bent eelgrass stems to varying 
degrees, depending on current strength. Instead, the length of each live (still green) eelgrass 



















Figure 3. Subtidal sample arrangement of nine plots (0.5 by 0.5 m in 





Biomass assessment in the lab followed the same protocol for both intertidal and subtidal 
samples. Samples were cleaned of sediment and detritus and sorted by species/genus. Any 
root material inadvertently collected was removed. Plant material was placed in marked 
foil envelopes and dried at 60°C in a drying oven for five days before it was weighed to 
0.01g.  
 
Species identifications were authenticated by Dr. Arthur Mathieson and nomenclature 
generally followed Villalard-Bohnsack (2003), with updates from Mathieson and Dawes 
(2017).  Thus, some taxonomic changes were included; for example the green alga 
Enteromorpha intesinalis was transferred to Ulva intestinalis, while the invasive red alga 
“Heterosiphonia” japonica was re-designated as Dasysiphonia japonica. Perhaps the most 
problematic change that has occurred recently was the reassignment of Gracilaria 
vermiculophylla to the new genus Agarophyton (Gurgel et al. 2018), so that the two 
species, Gracilaria tikvahiae and Agarophyton vermiculophyllum, which were not 
distinguished in field assessments, must be described using the Family Gracilariaceae.   
 
The research team compiled the field percent cover estimates from all sampling periods and 
the biomass data in a Microsoft Excel spreadsheet. Data were reduced to means for 
elevations within sites and over all sites for taxa and by major taxonomic groups of plants 
(red, green, brown, and eelgrass). Plant cover estimated in biomass sampling plots were 
regressed against plant weights after all zero cover/weight samples were removed. Predictive 
equations of biomass from percentage cover were forced through zero, and strength of each 
relationship was reported as the r coefficient obtained from Pearson’s correlations. For each 
taxon analysis reported, outliers were excluded using the Huber robust fit method (K=4). 
Simple linear regression was used to determine changes in abundance over time and 
ANOVA was used to determine differences in algal abundance at different locations. All 
statistical analyses were performed in JMP Pro 14 (SAS Institute Inc. 2018).  
 
Results and Discussion 
Intertidal Abundance 
In 2018, intertidal macroalgae cover at the five sites sampled ranged from 12-40% (Figure 4). 
Depot Road had the highest percent cover, followed closely by Adams Point. Overall, Adams 
Point and Depot Road appeared to have higher total percent cover than the two seaward sites 




similar at all sites but appeared to be highest at Cedar Point and Wagon Hill Farm, while 
cover of reds and browns was highest at Adams Point and Depot Road (log transformed data 
did not fit a normal distribution, but ANOVAs indicated a strong site effect, with P<0.001). 
 
Species from the family Gracilariaceae (including the introduced A. vermiculophyllum and the 
native Gracilaria tikvahieae) accounted for 83% of the red algal cover. The similar 
morphologies between these species make it difficult to differentiate between the two in 
the field, but biomass analysis in the lab revealed that A. vermiculophyllum was clearly the 
dominant red algae in the intertidal, as it accounted for 77% of the total biomass of red algae 
in 2018. Another invasive red algae, Dasysiphonia japonica was common at the Great Bay 
sites and made up about 8% of the red algae cover in 2018. Brown algae were composed of 
the native fucoids, Ascophyllum nodosum and Fucus vesiculosus, and green algae were 
composed entirely of species from the genus Ulva. The invasive green alga, Ulva australis 
was present at 4 of the 5 sites sampled, but only accounted for about 3% of the green algae 
biomass collected.  
 
Figure 4. Cover of macroalgae averaged over sampling elevations and three 




With all sites combined, there were no clear trends in percent cover over time, but there were 
trends at individual sites when percent cover was averaged over sampling month and 
elevation. Percent cover of green algae has decreased significantly over the study years at 
Adams Point (r2=.638, p<.01; Figures 5 and 6). At Depot Road, there was also a weak, but 
significant decrease in percent cover of both greens (r2=.359, p<.05) and reds (r2=.269, 
p<.05). In contrast, there was a weak increase in the percent cover of brown algae at Depot 
Road (r2=.269, p<.05). These data indicate that the damaging red and green algal blooms are 
decreasing at two sampling sites in Great Bay.  Further, it is likely that the trends are 
significant due to the fact that these two locations are sampled every year. 
   
Figure 5. Percent cover of macroalgae averaged over sampling elevations and collection periods for each site 




There were no consistent trends at individual sampling elevations over time, but there were 
spatial patterns in algal abundance. Reds were most abundant at low elevations (≤1 m above 
MLLW), but greens appeared to thrive at all sampling elevations (Figure 7). Brown algae 
were scarce at MLLW (likely due to less exposed rocks available for holdfast attachment at 
the lowest intertidal elevations), but abundant at all other elevations and consistently 
dominated the 1 m and 1.5 m elevations at Adams Point. Cover of green and red algae also 
differed by location in the estuary.  The data showed a marginally significant effect of sample 
site: green algae were more abundant at sites in the Piscataqua River than in Great Bay 
(p<.05; Figure 8). In contrast, red algae were significantly more abundant in the Great Bay 
than in Little Bay and Piscataqua River (p<.0001).   
Figure 6. Significant changes in percent cover over time at Adams Point and Depot Road. Data from each 















Figure 7.  Percent cover of macroalgae at all sites for each elevation, averaged over the three transects. 

























Subtidal Seaweed and Eelgrass Abundance 
Subtidal monitoring was integrated into the sampling scheme for the first time in 2018 with 
data being collected in August and October. Underwater photographs of the 0.25 m2 quadrat 
using a hand-held camera were not consistently usable.  Poor visibility rarely allowed the 
quadrat to be seen (Figure 9 a & b). When the camera was placed close enough to the bottom 
and plants could be distinguished, only a section of the quadrat was in the frame (Figure 9 c-
f).  In November we experimented with a remote camera and were able to collect mostly 
legible photographs of a standardized area of the bottom.  Using the same general pattern of 
subtidal sampling, we collected 9 video clips of the camera apparatus coming into contact 
with the bottom sediment. Just as the bottom was hit, a video grab was taken before a plume 
of fine-grain sediments was released by contact. These photographs at Adams Point transect B 
subtidal station were found to have an average cover of 4.3% eelgrass, 4.0% Gracilariaceae 
spp. and 0.6% Ulva foliose blades (Figure 10 a-i). 
 
Figure 8. Percent Cover averaged over all years and elevations at different parts of 
the estuary. Piscataqua includes Four Tree Island and Hilton Park, Little Bay=Cedar 
Point and Wagon Hill Farm, and Great Bay=Adams Point, Depot Road, Lubberland 






Figure 9. Subtidal quadrat photographs. At the whole quadrat level (0.5 by 0.5 meters) the frame is 
barely visible, much less the plants within (a, b). At the sub-quadrat level visibility is better, but 
assignment of percentage cover by species remains challenging, albeit more in some cases than in 










Figure 10. Underwater video grabs of the subtidal area at Adams Point, transect B.  Key shows visual estimates 
of percentage cover for Zostera marina (Zm.), Gracilariaceae spp. (Grac.), Ulva blade forming species (UlBl.), 





Red algal biomass showed dominance at all sites except Sunset Hill Farm, where eelgrass 
dominated (Figure 11A).  Biomass of green+red algae was greatest at Depot Road and less at 
the other three sites. Biomass of eelgrass was greatest at Sunset Hill Farm and least at Depot 
Road.  Total percent cover of all plants and algae at subtidal sites ranged from 10% at Adams 
Point to 60% at Sunset Hill Farm (Figure 11B). When compared to the intertidal zone, 
subtidal areas had far less brown algae and more eelgrass. Percent cover and biomass of red 
and green algae appeared to be inversely correlated with eelgrass cover. Depot Road had the 
lowest cover of eelgrass and was dominated by red and green algae. Percent cover of eelgrass 
was highest at Sunset Hill Farm, followed by Lubberland Creek. Stem height of eelgrass 




Figure 11. (A) Subtidal biomass was the 
average of 9 quadrats 0.25 m2 in size. (B) 
Percent cover of algae groups and eelgrass at 
the four sites sampled in 2018. No brown algae 
were found. (C) Average stem length of 






Biomass and cover data were collected at one transect for each of four locations, with 9 
subsamples each.  Because of the difficulty of assessing percentage cover within a quadrat 
using a snorkel under sometimes murky conditions, we focused on the biomass results.  For 
statistical analyses, the natural log of the biomass resulted in a distribution of residuals that 
had homogeneous variation and approximated normality.  We found that for mid-summer 
sampling, algae and eelgrass exhibited high biomass and we were able to discern differences 
between sites (∂) that were about half of the range observed with 80% Power if 8 subsamples 
were collected.   
 
Table 2. Power analysis for subtidal biomass sampling of macroalgae and eelgrass. 
Variable  Date 𝝈 Range ∂ Power n Design n 
Ln(Algae) August 0.78 0.5-3.2 1.5 0.8 8 9 
Ln(Algae) October 0.91 0.3-1.9 0.8 0.3* 9 9 
Ln(Algae) Both 0.85 0.6-2.1 0.8 0.8 18 18 
Ln(Eelgrass) August 0.49 0.1-2.4 1 0.8 8 9 
Ln(Eelgrass) October 0.34 0.0-1.4 0.6 0.8 9 9 
Ln(Eelgrass) Both 0.42 0.1-1.9 0.8 0.8 11 18 
*Power of 0.8 would require an n of 20      
 
 
Percent Cover vs. Biomass 
Correlations were used to estimate plant biomass based on percent cover data. For samples 
collected from intertidal areas, we found strong correlations between percent cover and 
biomass for Gracilariaceae spp., Ascophyllum nodosum, and Fucus vesiculosus when outliers 
were removed (Figure 12). The correlation for Ulva blade was weaker (r = .733), possibly 
because any sediment that had not been properly removed by rinsing would have a 
proportionally larger effect on Ulva biomass measurements than on some of the heavier species 
due to its flat, thin sheets. Although D. japonica sample size was small (n=13), there was a 
strong correlation between percent cover and biomass (r = .867). While there is substantial 
variability, the high r values indicate that percent cover can be used to estimate biomass. 
Correlation coefficients were also high for subtidal samples, despite the difficulty associated 
with assessing percent cover while vegetation was submerged. Correlations were strong for the 
three dominant taxa: Gracilariaceae spp., Z. marina, and Ulva spp. (Figure 13). For less 


































Figure 12.  Correlations between intertidal 
percent cover and biomass (dry weight) from 
0.0625 m2 quadrats for all sampling years. 
Gracilaria [Gracilariaceae] includes both A. 
vermiculophylla and G. tikvahie.  Ulva blade 
includes U. lactuca, U. australis, and U. rigida. 
Triangles show outliers that were identified 
using Huber Robust Fit method (K=4; JMP 






Summary and Conclusions 
  
Vegetation was assessed in 2018 at five intertidal sites and four subtidal stations by extending 
the center intertidal transect at all four sites in the Great Bay, to determine long-term trends in 
abundance. Within intertidal areas, we found that the percentage cover of green algae has 
decreased since 2014 at Adams Point and cover of both green and red algae has decreased at 
Depot Road. Substantial reductions in nitrogen released from wastewater treatment plants 
may have contributed to declines in macroalgae observed at two intertidal locations in Great 
Bay.  Our pilot study of percentage cover and biomass sampling at four subtidal sites in Great 
Bay showed high levels of macroalgae at some sites and an inverse correlation with eelgrass 
for both biomass and cover.  Since many species of red and green algae are considered 
Figure 13. Correlations between subtidal 
percent cover and biomass (dry weight) 
from 0.0625 m2 quadrats for all sampling 
years. Gracilaria [Gracilariaceae] includes 
both A. vermiculophyllum and G. tikvahie.  
Ulva blade includes U. lactuca, U. australis, 
and U. rigida.  Triangles show outliers that 
were identified using Huber Robust Fit 
method (K=4; JMP 2018) and excluded 




nuisance organisms because of their potential to foul fish nets, aquaculture equipment and 
lobster pots, continued decreases could benefit the fishing community and signal 
improvements in estuarine health. However, decreases in cover of reds and greens were only 
significant at 2 of the 8 sites. Additionally, cover of red algae was still relatively high in 2018 
and will require careful monitoring in the future as land use changes, water temperatures 
warm, and introduced species potentially become more established.  
 
Biomass data of algae and eelgrass were also collected in 2018 and added to the existing data 
set to strengthen correlations between percent cover and biomass. Subtidal sampling was 
integrated into the sampling scheme in 2018 and appeared highly successful based on the 
strong correlations between percent cover and biomass. Obtaining a photographic record of 
these subtidal quadrats proved difficult using a hand-held camera and better results of a 
standardized area of bottom were obtained by video camera.  Continued sampling in subtidal 
areas will allow us to gain a more comprehensive understanding of changes in macroalgae and 
eelgrass communities over time.   
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 Appendix A: Raw data of cover and biomass 



































































































































































7/13/2018 CEDAR POINT A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2 0 0 0
7/13/2018 CEDAR POINT A 0.5 0 0.5 0 0 0 0 0 10 0 0 0 0 0 0 4 15 0 0 19 0 10.5 0
7/13/2018 CEDAR POINT A 1 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 30 10 0 40 0 4 0 FUVE and ASNO detached. Vauch on slumping peat
7/13/2018 CEDAR POINT A 1.5 0 0 0 0 0 0 0 0 0 0 0 35 0 0.5 0 0 0 0 0 0 0 35
7/13/2018 CEDAR POINT B 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 10 0 0 10 1 0 0
7/13/2018 CEDAR POINT B 0.5 0 45 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0.5 0 45 0
7/13/2018 CEDAR POINT B 1 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 1 0 5 1 0 30 0
7/13/2018 CEDAR POINT B 1.5 0 0 0 0 0 0 0 8 0 0 0 45 0 0 0 0 5 0 5 0 8 45 Station in path
7/13/2018 CEDAR POINT C 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 1 0.5 0 0 1.5 0.5 0 0
7/13/2018 CEDAR POINT C 0.5 0 6 0 0 0 2 0 0.5 0 0 0 0 0 0 5 0.5 0 0 5.5 2 6.5 0
7/13/2018 CEDAR POINT C 1 0 8 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 13 0 FUVE and ASNO detached
7/13/2018 CEDAR POINT C 1.5 Either wasn't measured or all zeros. Unclear on data sheet
7/14/2018 ADAMS POINT A 0 0 0 0 0 0 3 0 0 15 0 0 0 0 0 45 0 0 0 45 18 0 0
7/14/2018 ADAMS POINT A 0.5 0 2 0 0 0 1 0 10 4 0 0 0 0 0 5 0 0 0 5 5 12 0
7/14/2018 ADAMS POINT A 1 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0.5 0 0 0 0.5 0 6 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
7/14/2018 ADAMS POINT A 1.5 0 0.5 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2.5 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
7/14/2018 ADAMS POINT A 1 0 0.3 0 0 0 0 0 4 0 0 0 0 0 0 0.3 0 0 0 0.25 0 4.25 0 Average of elevations recorded as 1.0 and 1.5
7/14/2018 ADAMS POINT A 1.5 0 0 0 0 0 0 0 4 0 0 0 25 0 0 0 0 0 0 0 0 4 25 Rock 30% cover. Elevation initially recorded as 2.0 m
7/14/2018 ADAMS POINT B 0 0 0 0 0 0 8 0 0 30 0 0 0 0 0 12 0 0 0 12 38 0 0
7/14/2018 ADAMS POINT B 0.5 0 25 0 0 0 0 0 12 0 0 0 0 0 0 8 0 0 0 8 0 37 0
7/14/2018 ADAMS POINT B 1 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 6 0
7/14/2018 ADAMS POINT B 1.5 0 8 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0.5 0 0 8 20 ASNO drift=5, attached=3
7/14/2018 ADAMS POINT C 0 0 0 0 0 0 7 0 0 50 0 0 0 0 0 15 0 0 0 15 57 0 0
7/14/2018 ADAMS POINT C 0.5 0 0 0 0 0 0 0 12 0 0 0 0 0 0 2 0.5 0 0 2.5 0 12 0
7/14/2018 ADAMS POINT C 1 0 87 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 90 0
7/14/2018 ADAMS POINT C 1.5 0 78 0 0 0 0 0 2 0 0 0 8 0 0 0 0 0 0 0 0 80 8
7/16/2018 WAGON HILL FARM A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0
7/16/2018 WAGON HILL FARM A 0.5 0 1 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 1 0 0.5 1 0
7/16/2018 WAGON HILL FARM A 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10 0 1 0
7/16/2018 WAGON HILL FARM A 1.5 0 0 0 0 0 0 0 0 0 0 0 35 0 0 0 5 45 1 50 0 0 35
7/16/2018 WAGON HILL FARM A 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 5 15 0 0 0
7/16/2018 WAGON HILL FARM B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7/16/2018 WAGON HILL FARM B 0.5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 ASNO detached
7/16/2018 WAGON HILL FARM B 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7/16/2018 WAGON HILL FARM B 1.5 0 5 0 0 0 0 0 5 0 0 3 60 0 0 0 0 15 0 15 0 10 63
7/16/2018 WAGON HILL FARM B 2 0 0 0 0 0 0 0 0 0 15 0 15 2 0 0 0 10 15 10 0 0 32
7/16/2018 WAGON HILL FARM C 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0
7/16/2018 WAGON HILL FARM C 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7/16/2018 WAGON HILL FARM C 1 0 35 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 37 0





































7/16/2018 DEPOT ROAD A 0.5 0 0 0 0 0 0 0 0 70 0 0 0 0 0 15 0 0 0 15 70 0 0
7/16/2018 DEPOT ROAD A 1 0 80 0 0 0 0 0 3 0 0 0 0 0 0 7 0 0 0 7 0 83 0
7/16/2018 DEPOT ROAD A 1.5 0 50 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 65 0
7/16/2018 DEPOT ROAD B 0.5 0 0 0 0 0 0 0 0 6 0 0 0 0 0 8 0 0 0 8 6 0 0
7/16/2018 DEPOT ROAD B 1 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 1 0 0 0 1 0 0.5 0
7/16/2018 DEPOT ROAD B 1.5 0 0 0 0 0 0 0 10 0 0 0 50 0 0 0 0.5 0 0 0.5 0 10 50
7/16/2018 DEPOT ROAD C 0.5 0 0 0 0 0 0 0 0 40 0 0 0 0 0 33 0 0 0 33 40 0 0
7/16/2018 DEPOT ROAD C 1 0 0 0 0 0 0 0 50 0 0 0 15 0 0 0.5 0 0 0 0.5 0 50 15
7/16/2018 DEPOT ROAD C 1.5 0 0 0 0 0 0 0 12 0 0 0 50 0 0 0 0 5 0 5 0 12 50 Agardhiella seen at landing
7/19/2018 LUBBERLAND CREEKA 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7/19/2018 LUBBERLAND CREEKA 1 0 0 0 0 0 0 0 15 0 0 0 80 0 0 0 0 0 0 0 0 15 80
7/19/2018 LUBBERLAND CREEKA 1.5 0 0 0 0 0 0 0 0 0 0 0 65 0 0 0 5 0 0 5 0 0 65
7/19/2018 LUBBERLAND CREEKB 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 15 0 0 0
7/19/2018 LUBBERLAND CREEKB 1 0 0 0 0 0 0 0 8 2 0 0 45 0 0 25 0 0 0 25 2 8 45
7/19/2018 LUBBERLAND CREEKB 1.5 0 0 0 0 0 0 0 0 0 0 0 85 0 0 0 1 4 0 5 0 0 85
7/19/2018 LUBBERLAND CREEKC 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7/19/2018 LUBBERLAND CREEKC 1 0 1 0 0 0 0 0 1 0 0 0 50 0 0 5 0 0 0 5 0 2 50 ASNO and FUVE detached
7/19/2018 LUBBERLAND CREEKC 1.5 0 0 0 0 0 0 0 0 0 0 0 90 0 0 0 1 2 0 3 0 0 90
8/13/2018 CEDAR POINT A 0 0 0 0 0 0.5 0 0 0 0.5 0 0 0 0 0 0.5 0 0 0.5 1 0 0
8/13/2018 CEDAR POINT A 0.5 0 0 0 0 0 0 0 0 0.5 0 0 0 0 2 0 0 1 2 0.5 0 0
8/13/2018 CEDAR POINT A 1 0 0 0 0 0 0 0 0 0 0 0 25 0 0 2 5 2 7 0 0 25
8/13/2018 CEDAR POINT A 1.5 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 30
8/13/2018 CEDAR POINT B 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0.5 0.5 0 0 1 2 0 0 Dazy Jap nearby but not in plot
8/13/2018 CEDAR POINT B 0.5 0 20 0 0 0 0 0 5 5 0 0 0 0 1 0 0 0 1 5 25 0 couldn't find post
8/13/2018 CEDAR POINT B 1 0 0.5 0 0 0 0 0 1 0 0 0 40 0 0 5 20 1 25 0 1.5 40 couldn't find post
8/13/2018 CEDAR POINT B 1.5 0 0 0 0 0 0 0 0 0 0 0 50 20 0 0 5 1 5 0 0 70
8/13/2018 CEDAR POINT C 0 0 0 0 0 0.5 0 0 0 2 0 0 0 0 5 0 0 0 5 2.5 0 0
8/13/2018 CEDAR POINT C 0.5 0 0.5 0 0 0 0 0 20 0 0 0 0 0 2 0 0 1 2 0 20.5 0
8/13/2018 CEDAR POINT C 1 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 2 0 2 0
8/13/2018 CEDAR POINT C 1.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
8/13/2018 ADAMS POINT A 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 5 0 0 0 5 20 0 0
8/13/2018 ADAMS POINT A 0.5 0 0 0 0 0 10 0 10 40 0 0 0 0 0 2 0 0 0 2 50 10 0
8/13/2018 ADAMS POINT A 1 0 0 0 0 0 0.5 0 10 0 0 0 0 0 0 0 0 0 0 0 0.5 10 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
8/13/2018 ADAMS POINT A 1.5 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
8/13/2018 ADAMS POINT A 1 0 0 0 0 0 0.3 0 5.3 0 0 0 0 0 0 0 0 0 0 0 0.25 5.25 0 Average of elevations recorded as 1.0 and 1.5
8/13/2018 ADAMS POINT A 1.5 0 1 0 0 0 0 0 3 0 0 0 30 0 0 0 0 0 0 0 0 4 30 Elevation initially recorded as 2.0 m
8/13/2018 ADAMS POINT B 0 0 0 5 0 0 30 0 0 5 0 0 0 0 0 2 0 0 0 2 40 0 0
8/13/2018 ADAMS POINT B 0.5 0 0 0 5 0 0 0 30 30 0 0 0 0 0 1 0 0 0 1 35 30 0
8/13/2018 ADAMS POINT B 1 0 30 0 0 0 0 0 5 2 0 0 0 0 0 0.5 0 0 0 0.5 2 35 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
8/13/2018 ADAMS POINT B 1.5 0 0.5 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0.5 0 0 5.5 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
8/13/2018 ADAMS POINT B 1 0 15 0 0 0 0 0 5 1 0 0 0 0 0 0.3 0 0 0.3 0.25 1 20.25 0 Average of elevations recorded as 1.0 and 1.5
8/13/2018 ADAMS POINT B 1.5 0 2 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 3 0 0 2 15 Elevation initially recorded as 2.0 m. Neosiphonia harveyi seen but not in plot
8/13/2018 ADAMS POINT C 0 0 0 60 0 0 20 0 0 10 0 0 0 0 0 0 0 0 0 0 90 0 0
8/13/2018 ADAMS POINT C 0.5 0 0 0 10 0 0 0 0.5 50 0 0 0 0 0 1 0 0 5 1 60 0.5 0
8/13/2018 ADAMS POINT C 1 0 50 0 0 0 0 0 30 2 0 0 0 0 0 0 0 0 1 0 2 80 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
8/13/2018 ADAMS POINT C 1.5 0 70 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 72 0 Sampled extra elevation. 1.0 and 1.5 m were averaged and recorded as 1.0 m
8/13/2018 ADAMS POINT C 1 0 60 0 0 0 0 0 16 1 0 0 0 0 0 0 0 0 0.5 0 1 76 0 Average of elevations recorded as 1.0 and 1.5
8/13/2018 ADAMS POINT C 1.5 0 60 0 0 0 0 0 2 0 0 0 5 0 0 0 0 0 0 0 0 62 5 Elevation initially recorded as 2.0 m
  
 
  8/14/2018 WAGON HILL FARM A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cover
8/14/2018 WAGON HILL FARM A 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cover
8/14/2018 WAGON HILL FARM A 1 0 50 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 50 0
8/14/2018 WAGON HILL FARM A 1.5 0 0 0 0 0 0 0 0 0 70 0.5 0 10 0 0 0 5 0 5 0 0 80.5
8/14/2018 WAGON HILL FARM B 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0.5 0 0
8/14/2018 WAGON HILL FARM B 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 1 0.5 0 0 0
8/14/2018 WAGON HILL FARM B 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
8/14/2018 WAGON HILL FARM B 1.5 0 12 0 0 0 0 0 5 0 0 5 40 0 0 0 3 25 0 28 0 17 45
8/14/2018 WAGON HILL FARM B 2 0 0 0 0 0 0 0 0 0 3 0 2 20 0 0 0 0 75 0 0 0 25
8/14/2018 WAGON HILL FARM C 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 0.5 0 0
8/14/2018 WAGON HILL FARM C 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cover
8/14/2018 WAGON HILL FARM C 1 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0.5 0 10 5 10.5 5 0 0
8/14/2018 WAGON HILL FARM C 1.5 0 0 0 0 0 0 0 0 0 0 0 35 0 0 0 5 30 0.5 35 0 0 35
8/14/2018 WAGON HILL FARM C 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 2 25 0 0 0
8/14/2018 DEPOT ROAD A 0.5 0 0 0 0 0 0 0 0 20 0 0 0 0 0 3 0 0 0 3 20 0 0
8/14/2018 DEPOT ROAD A 1 0 80 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 82 0
8/14/2018 DEPOT ROAD A 1.5 0 50 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 65 0
8/14/2018 DEPOT ROAD B 0.5 0 0 0 1 0 0 0 0 20 0 0 0 0 0 8 0 0 0 8 21 0 0
8/14/2018 DEPOT ROAD B 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 1 0.5 0 0 0
8/14/2018 DEPOT ROAD B 1.5 0 0 0 0 0 0 0 40 0 0 0 50 0 0 0 0 0 0 0 0 40 50
8/14/2018 DEPOT ROAD C 0.5 0 2 0 0 1 0 0 0 50 0 0 0 0 0 20 0 0 1 20 51 2 0
8/14/2018 DEPOT ROAD C 1 0 0 0 0 0 0 0 50 0 0 0 20 0 0 0.5 0 0 0 0.5 0 50 20
8/14/2018 DEPOT ROAD C 1.5 0 0 0 0 0 0 0 10 0 0 0.5 50 0 0 0 0 0 1 0 0 10 50.5 Agarhiella seen but not in quad
8/15/2018 LUBBERLAND CREEKA 0.5 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 1 0 0.5 1 0.5 0 0
8/15/2018 LUBBERLAND CREEKA 1 0 0 0 0 0 0 0 10 0 0 0 60 0 0 2 0 0 10 2 0 10 60
8/15/2018 LUBBERLAND CREEKA 1.5 0 0 0 0 0 0 0 0 2 0 0 80 0 0 0 0 2 0 2 2 0 80
8/15/2018 LUBBERLAND CREEKB 0.5 0 0 0 5 0 0 0 0 40 0 0 0 0 0 20 0 0 3 20 45 0 0
8/15/2018 LUBBERLAND CREEKB 1 0 0 0 0 0 0 0 0 0 0 0 30 0 0 10 0 0 0 10 0 0 30
8/15/2018 LUBBERLAND CREEKB 1.5 0 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 0 3 0 0 0 80
8/15/2018 LUBBERLAND CREEKC 0.5 0 0 0 2 0 0 0 0 7 0 0 0 0 0 0.5 3 0 0 3.5 9 0 0
8/15/2018 LUBBERLAND CREEKC 1 0 0 0 0 0 0 0 2 0 0 0 60 0 0 5 0 0 0 5 0 2 60
8/15/2018 LUBBERLAND CREEKC 1.5 0 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 3 1 3 0 0 80
10/9/2018 ADAMS POINT A 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0 30 0 0
10/9/2018 ADAMS POINT A 0.5 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0 Dug up by clammers. No post
10/9/2018 ADAMS POINT A 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
10/9/2018 ADAMS POINT A 1.5 0 0 0 0 0 0 0 2 0 0 0 40 0 0 0.5 0 0 0 0.5 0 2 40
10/9/2018 ADAMS POINT B 0 0 0 0 5 0 0 0 0 70 0 0 0 0 0 0 0 0 2 0 75 0 0
10/9/2018 ADAMS POINT B 0.5 0 5 0 0 0 0 0 5 0.5 0 0 0 0 0 0 0 0 0 0 0.5 10 0 dug up by clammers. No post
10/9/2018 ADAMS POINT B 1 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 1 0 0 0.5 0
10/9/2018 ADAMS POINT B 1.5 0 0 0 0 0 0 0 2 0 0 0 25 0 0 0 0 0 0 0 0 2 25
10/9/2018 ADAMS POINT C 0 0 3 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 2 0 95 3 0
10/9/2018 ADAMS POINT C 0.5 0 7 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 2 0 0 47 0 No Post
10/9/2018 ADAMS POINT C 1 0 20 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 2 0 0 25 0






































10/4/2018 LUBBERLAND CREEKA 0.5 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 1 0 15 0 0
10/4/2018 LUBBERLAND CREEKA 1 0 0 0 0 0 0 0 30 0 0 0 50 0 0 1 0 0 0 1 0 30 50
10/4/2018 LUBBERLAND CREEKA 1.5 0 0 0 0 0 0 0 1 1 0 0 75 0 0 0 0 0 0 0 1 1 75
10/4/2018 LUBBERLAND CREEKB 0.5 0 0 0 0 0 0 3 0 70 0 0 0 0 0 5 0 0 1 5 73 0 0
10/4/2018 LUBBERLAND CREEKB 1 0 0 0 0 0 0 0 5 1 0 0 40 0 0 2 0 0 0 2 1 5 40
10/4/2018 LUBBERLAND CREEKB 1.5 2 0 0 0 0 0 0 0 1 0 0 65 0 0 2 0 0 5 2 1 2 65
10/4/2018 LUBBERLAND CREEKC 0.5 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 5 0 2 0 0
10/4/2018 LUBBERLAND CREEKC 1 0 0 0 0 0 0 0 5 0 0 0 60 0 0 1 0 0 0 1 0 5 60
10/4/2018 LUBBERLAND CREEKC 1.5 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 0 0 0 0 70
10/11/2018 CEDAR POINT A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10/11/2018 CEDAR POINT A 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10/11/2018 CEDAR POINT A 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.5 0 0 1.5 0 0 0
10/11/2018 CEDAR POINT A 1.5 0 0 0 0 0 0 0 0 0 0 0 30 0 0 1 0 20 0 21 0 0 30
10/11/2018 CEDAR POINT A 2 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 40
10/11/2018 CEDAR POINT B 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
10/11/2018 CEDAR POINT B 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10/11/2018 CEDAR POINT B 1 0 26 0 0 0 0 0 3 10 0 0 0 0 0 1 0 0 0 1 10 29 0
10/11/2018 CEDAR POINT B 1.5 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 10 20 10 30 0 0 40
10/11/2018 CEDAR POINT B 2 0 0 0 0 0 0 0 0 0 0 0.5 80 0 0 0 0 0 0 0 0 0 80.5
10/11/2018 CEDAR POINT C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10/11/2018 CEDAR POINT C 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10/11/2018 CEDAR POINT C 1 0 5 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 0 0 9 0
10/11/2018 CEDAR POINT C 1.5 0 10 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 30 1 0 10 0 ASNO drift
10/11/2018 CEDAR POINT C 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0
10/23/2018 DEPOT ROAD A 0.5 0 0 0 0 0 0 0 1 25 0 0 0 0 0 0 0 0 2 0 25 1 0 FUVE detached
10/23/2018 DEPOT ROAD A 1 0 92 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 5 92 0
10/23/2018 DEPOT ROAD A 1.5 0 50 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 65 0
10/23/2018 DEPOT ROAD B 0.5 0 0 0 0 0 0 0 0.5 60 0 0 0 0 0 0.5 0 0 2 0.5 60 0.5 0 FUVE detached
10/23/2018 DEPOT ROAD B 1 0 0 0 0 0 0 0 0 3 0 0 0 0 0 2 0 0 0 2 3 0 0
10/23/2018 DEPOT ROAD B 1.5 0 0 2 0 0 0 0 3 40 0 0 40 0 0 0.5 0 0 0 0.5 42 3 40
10/23/2018 DEPOT ROAD C 0.5 0 0 0 0 0 0 0 0 20 0 0 0 0 0 1 0 0 1 1 20 0 0
10/23/2018 DEPOT ROAD C 1 0 0 0 0 0 0 0 30 15 0 0 5 0 0 0 0 0 0 0 15 30 5
10/23/2018 DEPOT ROAD C 1.5 0 0 0 0 0 0 0 5 1 0 0 70 0 0 0 0 0 0 0 1 5 70
10/25/2018 WAGON HILL FARM A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10/25/2018 WAGON HILL FARM A 0.5 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0.5 0 0.5 0.5 0.5 0 0
10/25/2018 WAGON HILL FARM A 1 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0.5 0 10 0
10/25/2018 WAGON HILL FARM A 1.5 0 8 0 0 0 0 0 5 0 0 2 40 0 0 0 0 5 0 5 0 13 42
10/25/2018 WAGON HILL FARM A 2 0 8 0 0 0 0 0 0 0 25 0 15 0 0 0 0 0 10 0 0 8 40 ASNO drift
10/25/2018 WAGON HILL FARM B 0.5 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0.5 0 0 0 0.5 0.5 0 0
10/25/2018 WAGON HILL FARM B 1 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 1 0 3 0 4 0 0.5 0 25% peat
10/25/2018 WAGON HILL FARM B 1.5 0 0.5 0 0 0 0 0 0.5 0 0 0 35 0 0 0 0 20 0 20 0 1 35
10/25/2018 WAGON HILL FARM B 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 25 10 0 0 0 35% peat
10/25/2018 WAGON HILL FARM C 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0
10/25/2018 WAGON HILL FARM C 0.5 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 10 0 0
10/25/2018 WAGON HILL FARM C 1 0 45 0 0 0 0 0 0 0.5 0 0 0 0 0 0.5 0 0 0 0.5 0.5 45 0
10/25/2018 WAGON HILL FARM C 1.5 0 0 0 0 0 0 0 0 0 65 0 0 0 0 0 0 5 0 5 0 0 65
  
 












































































































































































































































































































































































































































































































8/14/2018 DEPOT ROAD A 0.5 0 0.18 1.07 20 1.25 <1
8/14/2018 DEPOT ROAD A 1.0 95 125.40 0 0.25 2 0.08
8/14/2018 DEPOT ROAD A 1.5 98 165.82 0 0.43 0.04 0 0.04 <.01 2 1.75
8/14/2018 DEPOT ROAD B 0.5 0.22 5 0.22 <.01
8/14/2018 DEPOT ROAD B 1.0 30 0.00
8/14/2018 DEPOT ROAD B 1.5 0 0.43 0 0.25 <.01 30 7.17 5 0.05 2 0.02 0 0.10
8/14/2018 DEPOT ROAD C 0.5 5 0.00
8/14/2018 DEPOT ROAD C 1.0 <.01 <.01 0 9.96 10 1.41 2 0.40
8/14/2018 DEPOT ROAD C 1.5 0 0.21 50 51.49 <.01 50 25.12 0 0.05 0 0.07
8/13/2018 CEDAR POINT A 0.0 0 cover
8/13/2018 CEDAR POINT A 0.5 1 0.00
8/13/2018 CEDAR POINT A 1.0 <.01 5 0.00 10 NA 0 0.73
8/13/2018 CEDAR POINT A 1.5 0 0.10 80 ND 5 NA <.01 couldn't find post. Estimated location
8/13/2018 CEDAR POINT B 0.0 5 0.11
8/13/2018 CEDAR POINT B 0.5 30 17.94 2 1.56
8/13/2018 CEDAR POINT B 1.0 10 2.87 40 10.50 10 NA 0 0.17
8/13/2018 CEDAR POINT B 1.5 60 9.23 2 0.16 0 0.05
8/13/2018 CEDAR POINT C 0.0 0 cover
8/13/2018 CEDAR POINT C 0.5 20 12.27 5 0.00 0 0.74 2 0.96 2 0.25 0 0.34
8/13/2018 CEDAR POINT C 1.0 <1 <1 <1 no biomass
8/13/2018 CEDAR POINT C 1.5 2 no biomass
8/14/2018 WAGON HILL FARMA 0.0 0 cover
8/14/2018 WAGON HILL FARMA 0.5 0 cover
8/14/2018 WAGON HILL FARMA 1.0 80 77.46 0 0.08 0.06 0 0.06
8/14/2018 WAGON HILL FARMA 1.5 30 0.00 50 15.77
8/14/2018 WAGON HILL FARMA 2.0
8/14/2018 WAGON HILL FARMB 0.0 0 cover
8/14/2018 WAGON HILL FARMB 0.5 <1 no biomass
8/14/2018 WAGON HILL FARMB 1.0 oak leaf: 10% cover 0 biomass
8/14/2018 WAGON HILL FARMB 1.5 50 14.96 1 0.00 20 NA 0 0.02
8/14/2018 WAGON HILL FARMB 2.0 0 1.80 0 0.88 0.00 0.33 10 ND 0 0.10 70 10.74
8/14/2018 WAGON HILL FARMC 0.0 0 cover
8/14/2018 WAGON HILL FARMC 0.5 0.16 2 0.16 <1 2 0.05 peat: 15% cover
8/14/2018 WAGON HILL FARMC 1.0 1 0.00 no biomass
8/14/2018 WAGON HILL FARMC 1.5 0 2.31 40 10.87 10 2.33 15 NA 2 0.14
8/14/2018 WAGON HILL FARMC 2.0 30 NA 10 0.00 no biomass collected
8/13/2018 LUBBERLAND CREEKA 0.5 no cover or biomass
8/13/2018 LUBBERLAND CREEKA 1.0 5 4.56 80 63.76 <.01 10 0.11 small quadrat moved landward due to elevation loss from erosion
8/15/2018 LUBBERLAND CREEKA 1.5 0.47 1 0.47 60 33.45 3 0.12 <.01
8/15/2018 LUBBERLAND CREEKB 0.5 <1
8/15/2018 LUBBERLAND CREEKB 1.0 70.62 70.62 20 7.37 10 0.00 50 7.07
8/15/2018 LUBBERLAND CREEKB 1.5 90 44.65 2 NA 2 0.03
8/15/2018 LUBBERLAND CREEKC 0.5 no biomass
8/15/2018 LUBBERLAND CREEKC 1.0 <.01 30 5 0.15





Table A3. Subtidal cover and biomass data collected in 0.25 m2 quadrats. Gold highlighting indicates that dry weights were obtained by multiplying 
wet weights by the average dry/wet ratio found in other samples. Pink highlighting indicates wet weights not used in data analysis.   
8/13/2018 ADAMS POINT A 0.0 0 0.16 0 0.04 30 0.00 0.86 5 0.86 0.00 0.04 0 1.03 0 0.21
8/13/2018 ADAMS POINT A 0.5 0 0.11 0 0.02 1 0.00 10 1.36 <1 <.01 <.01 <.01 0 0.08
8/13/2018 ADAMS POINT A 1.0 2 2.17 0 <.01 5 0.08 5.59 <1 1.20 <.01 0 0.12
8/13/2018 ADAMS POINT A 1.5 <1 0.63
8/13/2018 ADAMS POINT A 2.0 0 0.64 10 2.33 30 3.32 0 0.13
8/13/2018 ADAMS POINT B 0.0 25 3.77 0 0.10 20 0.00 0 1.71 3.04 20 4.75 <.01 0 0.03 0 0.48
8/13/2018 ADAMS POINT B 0.5 10 0.02 30 9.92 0.88 5 0.88 <.01 1 0.04 1 0.09
8/13/2018 ADAMS POINT B 1.0 0 <.01 <.01 10 1.66 0.02 <1 0.02 0 0.01 <.01 <1 <.01
8/13/2018 ADAMS POINT B 1.5 <1 1.21 5 2.33
8/13/2018 ADAMS POINT B 2.0 5 6.85 0 0.17 20 9.93 5 0.62
8/13/2018 ADAMS POINT C 0.0 40 3.20 0 0.11 0 0.21 <.01 1 0.21 5 <.01 1 0.05
8/13/2018 ADAMS POINT C 0.5 1 <.01 2 1.06 0.54 1 0.54 1 <.01 0 0.03
8/13/2018 ADAMS POINT C 1.0 98 106.70 2 1.04 0.01 0 0.01 1 0.01
8/13/2018 ADAMS POINT C 1.5 100 200.45 0 0.04





















































































































































































































































































































































































































































































































































































7/31/2018 ADAMS POINT E 0.24 0.36 1.46 0.55 10 2.01 0 1.00
7/31/2018 ADAMS POINT SW 0.12 20 1.00
7/31/2018 ADAMS POINT Center 0.19 0.10 0 0.10 3 1.82
7/31/2018 ADAMS POINT NE 0.10 0.5 0.10
7/31/2018 ADAMS POINT N 0.12 0.12 1.37 1.50 10 2.87 0.31 1 0.09
7/31/2018 ADAMS POINT NW 0.41 0.24 0.62 5 0.62 0 0.15 2 0.18
7/31/2018 ADAMS POINT SE 0.22 0.14 0.14 0.16 2 0.30 10 2.25 10 0.60
7/31/2018 ADAMS POINT W 8.39 25 8.39 2 0.74 10 0.81
7/31/2018 LUBBERLAND CREEK N 0.12 0.19 0.07 0.20 0 0.20 0 0.15 20 1.50
7/31/2018 LUBBERLAND CREEK NW 0.23 0 0.23
7/31/2018 LUBBERLAND CREEK SE 0.49 6.50 0.11 0.69 3.15 0 3.84 0.80 1.50 0 0.69 40 5.15
7/31/2018 LUBBERLAND CREEK E 0.07 2 0.17
7/31/2018 LUBBERLAND CREEK W 0.22 0.20 0.46 0 0.66 40 5.25
7/31/2018 LUBBERLAND CREEK S 1 0.12
7/31/2018 LUBBERLAND CREEK SW 0.36 1 0.48 0 0.48 15 1.80
7/31/2018 LUBBERLAND CREEK Center 0.36 0.65 0 0.65 5 0.49
7/31/2018 LUBBERLAND CREEK NE 0.17 0.11 1.79 0 1.79 0.60 25 2.05
7/31/2018 DEPOT ROAD NW 0.36 5 0.00 0.46 106.99 60 107.45 1.80 25 4.37
7/31/2018 DEPOT ROAD Center 5.50 10 0.00 43.55 45 43.55 40 27.60
7/31/2018 DEPOT ROAD SW 0.05 0.92 8.68 25 9.60 0.30 10 2.05
7/31/2018 DEPOT ROAD E 0.27 20 0.00 40.95 70 40.95 0.70 10 7.59
7/31/2018 DEPOT ROAD N 1.76 20 1.76 5 3.04 5 0.08
7/31/2018 DEPOT ROAD SE 0.26 25 0.26 0.40 25 7.25 0 0.03
7/31/2018 DEPOT ROAD NE 20 0.00 49.14 50 49.14 10 7.48 5 1.50
7/31/2018 DEPOT ROAD S 2.34 10 2.34 5 4.03





8/7/2018 SUNSET HILL FARM Center <.01 0.58 1.27 0.08 1.30 0 1.38 0 0.59 75 13.95 56.10
8/7/2018 SUNSET HILL FARM SW <.01 <.01 0.10 0 0.10 30 3.26 44.25
8/7/2018 SUNSET HILL FARM SE <.01 5 0.02 0.04 0 0.04 <.01 <.01 85 14.58 51.87
8/7/2018 SUNSET HILL FARM E <.01 0.40 0 0.40 0.05 0 0.02 65 10.05 52.16
8/7/2018 SUNSET HILL FARM S <.01 <.01 0.18 0.26 0 0.44 0 0.12 40 10.41 50.57
8/7/2018 SUNSET HILL FARM W 0.01 0.08 0.82 0 0.90 100 17.82 54.83
8/7/2018 SUNSET HILL FARM NW <.01 0.05 0 0.05 0.03 30 7.13 43.50
8/7/2018 SUNSET HILL FARM NE 0.02 5 0.59 0 0.59 0 0.46 85 14.95 44.20
8/7/2018 SUNSET HILL FARM N 0.18 <.01 <.01 <.01 0.20 0 0.20 0.03 0 0.14 80 4.73 45.81
10/15/2018 DEPOT ROAD N 1.03 10 1.03 0 0.18 0.09
10/15/2018 DEPOT ROAD SW 0.03 3.48 15 3.48 10 1.39 0.02
10/15/2018 DEPOT ROAD W 1.95 15 1.95 1 0.20
10/15/2018 DEPOT ROAD NW 0.13 2 0.13 2 0.13
10/15/2018 DEPOT ROAD NE 1.81 15 1.81 0.06
10/15/2018 DEPOT ROAD E <.01 0.36 3.48 15 3.84 0.07
10/15/2018 DEPOT ROAD Center 0.03 <.01 12.03 50 12.03 <.01 1 0.11 0.18
10/15/2018 SUNSET HILL FARM NE 0.59 0.23 5 0.82 50 1.92 38.90
10/15/2018 SUNSET HILL FARM NW 0.08 0 0.08 25 2.05 53.83
10/15/2018 SUNSET HILL FARM N 0.04 0.06 0 0.10 60 5.18 54.10
10/15/2018 SUNSET HILL FARM W 0.08 0 0.08 25 1.90 37.40
10/15/2018 SUNSET HILL FARM SW 0.11 0.21 0 0.32 50 4.26 45.80
10/15/2018 SUNSET HILL FARM E 1.59 0.27 20 1.86 40 3.09 79.00
10/15/2018 SUNSET HILL FARM S 0.06 5 0.06 70 4.72 46.52
10/15/2018 SUNSET HILL FARM Center 0.88 0.32 10 1.20 60 4.02 39.80
10/15/2018 SUNSET HILL FARM SE 0.02 <.01 30 1.60 42.00
10/15/2018 ADAMS POINT E 5.65 0.18 7 5.83 2 0.12
10/15/2018 ADAMS POINT Center 0.13 3 0.13 0.19
10/15/2018 ADAMS POINT NE <.01 0.01 3 0.38 2 0.04
10/15/2018 ADAMS POINT SW 5 0.36 34.20
10/15/2018 ADAMS POINT SE 0.02 1 0.02 1 0.02
10/15/2018 ADAMS POINT S 0.14 0.05 2 0.19 10 0.56 12.00
10/15/2018 LUBBERLAND CREEK E 0.19 3 0.19 10 1.98 34.10
10/15/2018 LUBBERLAND CREEK SE 20 0.24
10/15/2018 LUBBERLAND CREEK SW <.01 <.01 <.01 0.58 3.08 14.87 50 17.95 1 0.59 20 2.34 42.60
10/15/2018 LUBBERLAND CREEK NE 0.21 2.06 0 2.06 3 3.95 36.00
10/15/2018 LUBBERLAND CREEK S 0.09 2.29 5 2.38 5 0.77 31.00
10/15/2018 LUBBERLAND CREEK W 0.03 0.20 2 0.20 20 1.93 35.33
10/15/2018 LUBBERLAND CREEK N <.01 15 0.44 41.00
10/15/2018 LUBBERLAND CREEK NW <.01 <.01 0.54 13.67 40 14.21 <.01 <.01 25 4.26 48.40







Appendix B.  Site Descriptions 
 
The macroalgal sampling site at Four Tree Island lies east of the causeway between 
boulder fields on the island and a point on Peirce Island to the east.  Access is provided by 
the adjacent parking lot.  The water depth shallows above mean lower low water (MLLW, 
0.0 m elevation) into a broad mudflat with coarsening sediments as elevations rise above 
0.5 m elevation and flats begin to grade into a low marsh with Spartina alterniflora at 1.0 
m.  Low marsh dominated the next two elevation at 1.5 and 2.0 m, and then high marsh 
dominated by Spartina patens (2.5 m) occurred at the uppermost samples.   
The sampling area at Dover Point lies on the northeast side of the point on the Piscataqua 
River, approximately 200 meters north of the boat launch about 50 meters north of the 
northernmost portion of Hilton Park and its parking area.  The shore is characterized by 
subtidal boulders (0.0 m) grading into a narrow intertidal mudflat (0.5 and 1.0 m) with 
scattered rocks before a short step (at 1.5 m) up to low marsh (sampled at 2.0 m).  Since 
trees shade out the uppermost portion of a fringing marsh that adjoins vertical rocky 
outcrop, only unvegetated areas were evident at 2.5 m and so this elevation was not 
sampled.  
The transects at Cedar Point lie on the south side with their upper elevations close to the 
parking lot (southwest corner of the Scammel Bridge), which is above a steep bedrock 
embankment (access to the shore is provided by stairs).  Subtidal mud bottom slopes 
steeply up to the edge of the intertidal at 0.0 m elevation MLLW and the mudflats 
continue at 0.5 and 1.0 elevations, where the sediments coarsen as a narrow band of low 
marsh is approached.  The marsh is sampled at 1.5 meters in elevation.  A rocky outcrop 
extends shore-normal between the second and third transects that is colonized by fucoid 
algae.   
The sampling site at Wagon Hill Farm lies just north of the artificial beach created and 
maintained by the Town of Durham as part of the park.  Access to the site from the main 
lot occurs by heading eastward across several fields to the shore.  The transects run 
across a wide mudflat from intertidal elevations (0.0, 0.5 and 1.0 m MLLW) to a narrow 
fringing marsh (1.5 m) that is shaded by overhanging trees and shows strong signs of 
erosion.  The third, northernmost, transects runs into a derelict pier characterized as a 
crib-construction and filled by cobble and larger rock, with fucoid algae attached to some 
of the exposed rock.   
Along the southern shoreline of Adams Point lies the three sampling transects that extend 
south toward the Footman Islands.  Access to the site is provided by state-maintained 
walking trails and wooden steps constructed along the steep embankment of shale 
bedrock.  Fringing marsh is discontinuous at the site, occurring between coarse shale 
‘beach’.  The edge of the intertidal is characterized by small boulders and rocks (at 0.0 m 
elevation) that grade up into mudflat interspersed with rocks (0.5 and 1.0 m), often 
colonized by fucoid algae (primarily Fucus vesiculosus).  At 1.5 m there can either be a 
fringing marsh or unconsolidated shale.   
Land holdings of The Nature Conservancy (TNC) extend from the middle of Lubberland 
  
 
Creek north through the extensive salt marsh and several points and islands.  The 
sampling location is accessed through a TNC trail that begins on the opposite side of Bay 
Road from their trail head parking lot.  As the trail approaches the shoreline and salt 
marsh, strike off toward the shore and continue along the shore until a large mowed field 
extending to the marsh edge is reached.  Three transects extend across the marsh into a 
broad very flat mudflat that extends into the Bay between a point and island.  One sample 
set is collected from the mudflat (0.5 m elevation), another just as the low marsh is 
reached (1.0 m), and a final set is located in the low marsh (1.5 m).  An osprey platform 
with active nest is located in the adjacent upland field and so sampling should be 
restricted to mid-July or later to avoid disrupting any fledglings.   
The Great Bay National Estuarine Research Reserve (GBNERR) has as its headquarters at the 
Sandy Point Discovery Center located on the southern shore of Great Bay.  The transects are 
located from the GBNERR kayak launch extending westward and accessed by the adjacent 
parking lot.  The mud flats are flat and broad and the 0.0 m elevation could not be accessed by 
walking across the mudflat (beyond 1 km), and so the three transects began at 0.05 m elevation 
where the mudflat began to slope upward.  The 1.0 elevation was also in mudflat but within 10 
meters of a fringing marsh and the 1.5 m elevation was in low marsh at the two western 
transects and on a rock pile adjacent to the launch for the eastern transect.   
On the eastern shore of Great Bay, extensive mudflats grade into fringing salt marsh before the 
land rises into uplands that were historically farmed.  One farm (Sunset Hill) in Newington has 
been set aside for conservation by the NH Fish and Game.  This site has shorelines adjacent to 
mown fields and knobs of bedrock that show rocky outcrops along the shoreline.  The private 
site is accessed by permission from NH Fish and Game and the first transect has its highest 
elevation near a derelict crib construction pier.  The remaining two shore normal transects are 
found to the north.  Similar to the Lubberland Creek and Depot Road sites, mean low water could 
not be reached on foot and the lowest elevation was chosen at 0.75 above MLLW, approximately 
100 m seaward of the continuous edge of the low marsh (tiny marsh islands were common, but 
very few extended lower than 0.75 m elevation).  The sampling sites at 1.0 m elevation were also 
in mudflat, but close to the continuous low marsh, where the 1.5 m samples were collected.   
 
